Repeated parity and usage of oral contraceptives have demonstrated an increased risk of cervical cancer (CC) in HPV-infected women. These lifestyle observations raise the likelihood that oestrogens and HPV infection might act synergistically to affect cancers of the cervix. In vivo studies have indicated the requirement of oestrogens and ERα in the development of atypical squamous metaplasia followed by cervical intraepithelial neoplasia (CIN) I, II and III. CIN II and III are precancerous cervical lesions that can progress over time to CC as an invasive carcinoma. Recently, there has been evidence suggesting that ERα signalling in the tumour epithelium is a preliminary requisite during cancer initiation that is subsequently lost during tumorigenic progression. Conversely, continued expression of stromal ERα gains control over tumour maintenance. This review summarises the current information on the association between oestrogens and HPV infection in contributing to CC and the possibility of SERMs as a therapeutic option.
Introduction
The uterine cervix, uterus, ovaries and breast constitute the hormone-responsive tissues of the human female physiology (Diel 2002 , Chung et al. 2010 . Neoplastic transformation of these tissues, except the cervix, is well recognised to be highly influenced by oestrogen hormones that control proliferation, apoptosis, migration and metastasis (King 1991 , Henderson & Feigelson 2000 , Ramachandran et al. 2011 . The uterine cervix is also a part of the female reproductive system. However, the role of oestrogens in human CC has not yet been well-defined (Chung et al. 2010) . Currently, with the epidemiological evidence linking multi-parity and oral contraceptive usage to an increase in CC risk, oestrogens have been speculated to be involved in the development of cervical carcinogenesis (Moreno et al. 2002 , Muñoz et al. 2002 , Roura et al. 2016 . Nevertheless, such carcinogenic transformations due to oestrogens are not physiological and involve a synergistic combination with infection of high-risk human papilloma virus (HPV) as the strongest factor (Brake & Lambert 2005 , Chung et al. 2008 , Marks et al. 2011 , Liao et al. 2012 . The successful initiation of HPV-dependent carcinogenesis begins with the infection of HPV in episomal form, initiating the transcription of viral gene products, followed by subsequent genomic integration of HPV oncogenes into the host genome (Senapati et al. 2016) . The highly potent viral oncogenes express E6 and E7 oncoproteins that bind to p53 and Rb, respectively, and surpass the host defence system (Moodley et al. 2003 , Sima et al. 2008 , Chung et al. 2010 . Therefore, it can be hypothesised that an endogenous or exogenous surge of oestrogens could stimulate the viral machinery and concomitantly encourage hormone-dependent progression of uncontrolled proliferation of a clonal population of cells contributing to cancer of the uterine cervix. This review features the current information regarding the role of oestrogens in the amplification of HPV-positive CC.
HPV involvement
In the case of genital cancers, an HPV infection is most commonly a sexually transmitted infection (https:// monographs.iarc.fr/ENG/Classification/Table4.pdf).
In addition, several cancers of diverse anatomical regions were associated with different transmission routes of HPV infection (https://monographs.iarc.fr/ENG/Classification/ Table4.pdf). HPV particles are non-enveloped and assume an icosahedral structure, with a diameter of 55 nm and enclose an 8 kb long double-stranded DNA (Chung et al. 2010 , Doorbar et al. 2015 . Clinical, molecular and epidemiological investigations have demonstrated that CC is caused by persistent infection with high-risk HPV, where part of the viral DNA sequence becomes integrated into the host genome (Brake & Lambert 2005 , Chung et al. 2008 , Marks et al. 2011 , Liao et al. 2012 . The peak time for a woman to acquire an HPV infection is during the sexually active phase of life (http://www. who.int/mediacentre/factsheets/fs380/en/).
Typically, 90% of HPV infections are cleared within two years (http://www.who.int/mediacentre/factsheets/fs380/en/). Only a small proportion of the HPV infection persists, and several risk factors have been associated with HPV persistence and subsequent development of CC (http:// www.who.int/mediacentre/factsheets/fs380/en/). Genital HPV is classified into high-risk and low-risk types. Lowrisk HPV generally causes only benign lesions, whereas the high-risk type accounts for immortalisation and malignant transformation of the infected cells. There are 13 HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 66) categorised as group 1 carcinogens to humans (https://monographs.iarc.fr/ENG/Monographs/ vol90/mono90-10.pdf). Two principal HPV types (16 and 18) cause 70% of precancerous cervical lesions and CC (http://www.who.int/mediacentre/factsheets/fs380/en/). Some of the early genes of HPV, namely E5, E6 and E7 oncogenes, promote malignant cell transformation by interacting with several host cellular proteins essential for cell cycle control (Münger et al. 2004) . Two viral oncogenes, E6 and E7, are invariably expressed in human CC, and their continued expression is required for the maintenance of the cancerous state (Münger et al. 2004 ).
The strong tumorigenic potential of high-risk HPVs stems from the ability of the E6 and E7 oncoproteins to inactivate potent tumour suppressor proteins, p53 and Rb, respectively (Moodley et al. 2003 , Sima et al. 2008 . After the successful establishment of infection, HPV early viral oncogenes are expressed in both the episomal and integrated forms and alter normal cell cycle functionality, telomere maintenance and chromosomal stability and modulate apoptosis through a variety of pathways. In addition, cofactors such as nutrients, tobacco smoke, presence of other infections and radiation and events such as alterations of proto-oncogenes are also known to be associated with the development of CC (https:// monographs.iarc.fr/ENG/Monographs/vol90/mono90-9. pdf, Münger et al. 2004 , Lagunas-Martínez et al. 2010 , Moody & Laimins 2010 . However, the requirement of these cofactors for complete cellular transformation in CC has not yet been demonstrated.
Role of endogenous and exogenous oestrogens
The cervix is an oestrogen-responsive tissue. In particular, the transformation zone of the uterine ectocervix, which serves as the site of initiation of tumorigenesis, is highly sensitive to steroid hormone stimulation (Remoue et al. 2003) . There is a consistent association between the degree of steroid hormone contraceptive usage, repeated fullterm pregnancies and HPV infection and an increased risk of developing CC (Moreno et al. 2002 , Muñoz et al. 2002 , Chung et al. 2010 , Marks et al. 2011 , Liao et al. 2012 , Roura et al. 2016 . Several investigators have shown that the mere presence of an HPV infection is not a mandate to develop CC. Additional synergistic factors, such as oestrogens, may be required to induce HPV-dependent carcinogenesis (Chung et al. 2008 .
Prospective studies have demonstrated that usage of oral contraceptives in individuals with existing dysplasia for more than six years show a greater risk of progression from cervical dysplasia to carcinoma in situ. It is speculated that steroid hormones could increase the transcription of important HPV oncogenes, resulting in the degradation of p53, disrupting the normal cell cycle and eventually leading to CC (Moodley et al. 2003 ). An IARC multi-centric study performed a pooled analysis from eight case-control studies and interpreted that long-term use of oral contraceptives as a cofactor can increase the risk of cervical carcinoma up to four-fold in HPV-positive women (Moreno et al. 2002) . Another IARC 24:4 multi-centric study performed a pooled analysis of the epidemiological data collected from several case-control studies conducted in four different continents and indicated that multiple pregnancies could increase the risk of squamous cell carcinoma of the cervix in HPV-infected women (Muñoz et al. 2002) . Gierisch and coworkers (Gierisch et al. 2013 ) made a systematic review of 12 CC studies conducted after the year 2000. This criterion was chosen to maximise the number of subjects who could have used the current oral contraceptive formulations available in the market. An increased risk of CC associated with the duration of oral contraceptive use was observed in women with an HPV infection (Gierisch et al. 2013) . Therefore, these observations raise the likelihood that hormones such as oestrogen, in the presence of an HPV infection, might affect cancers of the cervix.
Putative hormone responsive element-like sequences within host-integrated HPV genome
Oestrogen is believed to transactivate viral oncogenes, leading to an increase in viral persistence and gene expression (Mitrani-Rosenbaum et al. 1989) . The transformation zone of the cervix, which is very sensitive to oestrogens, is where most cases of CC arise; certain sequences that are found in the HPV genome resemble oestrogen-controlled sequences (Elson et al. 2000 , Remoue et al. 2003 . The long control region (LCR) of the HPV-integrated viral genome plays a regulatory function in controlling transcription of E6 and E7. Viral and cellular transcription factors are believed to recognise specific regions in the LCR and affect viral gene transcription (Garcia-Carranca et al. 1988) . The viral transcription factor E2 is frequently disrupted in cervical carcinomas during integration of the viral genome into the host genome (Schwarz et al. 1985) . Hence, in invasive tumours where the HPV LCR is no longer in an episomal form, the only alternative is that the cellular transcription factors, including receptors for steroid hormones, could either upregulate or downregulate the transcription of viral oncogenes (Mitrani-Rosenbaum et al. 1989 , MoralesPeza et al. 2002 , Doorbar et al. 2015 . Gene expression via the HPV 16 LCR was observed to be upregulated in the study by Chen and coworkers in response to natural and synthetic oestrogens, suggesting the presence of hormonal responsiveness within the LCR (Chen et al. 1996) . Indeed, this study has several limitations such as use of the supraphysiological concentration of oestradiol (100 nM), which neither represents a physiological (1-10 nM) nor a pharmacological concentration (more than 10 µM) of oestradiol. Most of the synthetic oestrogen and progesterone used in this study failed to significantly transactivate the HPV 18 LCR. In addition, the anti-oestrogen tamoxifen increased LCR-driven gene expression, but no explanation was provided for this result. Furthermore, no statistical analyses were performed.
Oestrogen can exert control over nuclear mechanisms by interacting through an activated ER-oestrogen complex with specific DNA regulatory sequences known as oestrogen-responsive elements (ERE) present in the LCR (Chen et al. 1996 , Burk et al. 2003 . Two glucocorticoid response elements (GREs) at positions 7477-7491 and 7643-7657 in the LCR region, as well as a number of GREs and EREs, have been identified within the HPV 16 genome. However, the functional significance of these responsive elements was not studied (Chan et al. 1989 , Mittal et al. 1993 , Burk et al. 2003 . In the HPV genome, the specific mechanism by which oestrogen might contribute to cervical neoplasia is unknown. The 1-kb promoter of HPV has been shown to contain palindromic EREs. Indeed, seven different regions with a high degree of similarity to the ERE consensus sequence have been identified (5′GGTCANNNTGACC3′), and these sequences are half, incomplete or partial palindromes. These sequences are found within the HPV genome, which might possibly enhance transcription of the viral genome upon stimulation with the activated oestrogen-ER complex (Mitrani-Rosenbaum et al. 1989 , Moodley et al. 2003 , Baldwin et al. 2006 . Limitations of the study by Mitrani-Rosenbaum and coworkers are that they did not detect a notable involvement of functional EREs in the HPV genome, and their study did not include HPV 18, the other high-risk subtype. Transcription factor-binding sites were recognised in HPV 18 variants with distinct functional activities (López-Saavedra et al. 2009 ). Apart from the LCR, the non-coding upstream regulatory region (URR) of HPV also harbours responsive elements that serve as target sites to potentially bind to cellular factors (Chan et al. 1989 , Mitrani-Rosenbaum et al. 1989 , Chen et al. 1996 . The URR appears to be inducible upon treatment with exogenous oestrogen, leading to neoplastic transformation at the squamocolumnar junction of the cervix in the HPV-18 URR E6/E7 transgenic mouse model (Park et al. 2003) . ERs are also known to bind to variants of common response element such as GRE (5′GGTACANNNTGTTCT3′) elements that differ by two base pairs from ERE in each half site (Klinge 24:4 2001). In addition, HPV oncogenes were predicted to deregulate direct coactivators such as SRC-1 and disrupt hormone-dependent gene expression, contributing to cervical carcinogenesis (Mitrani-Rosenbaum et al. 1989 , Moodley et al. 2003 , Baldwin et al. 2006 . The major limitations of the studies mentioned in this section are that data suggesting the ability of oestrogen to increase LCR activity have been reported, and it has to be emphasised that there are no data indicating the direct involvement of functional EREs.
Another mechanism, linking oestrogen metabolism and polymorphisms in metabolising enzymes, was proposed to explain control over transcription of the HPV-integrated genome. Oestrogens are metabolised to 16-α-hydroxy estrones that in turn covalently bind and activate ERα. The activated ERα is assumed to bind to responsive elements within the LCR and further induce E6 and E7 transcription to maintain HPV gene activity (de Villiers 2003 , Matos et al. 2016 . Thus, it is hypothesised that both HPV and oestradiol enhance the effects of one another, either directly through functional EREs in the viral genome or indirectly encourage uncontrolled cellular proliferation and thereby promote malignant proliferation.
In vivo studies indicate the requirement of oestrogens and ERs
Animal studies have significantly demonstrated the requirement of oestrogens in an HPV-driven CC. Specifically, the role of oestrogens in HPV-related CC has been established in transgenic mouse models of CC (Herber et al. 1996 , Brake & Lambert 2005 , Chung et al. 2008 . Initially, the K14E6/E7 transgenic mouse was developed to study the roles of E6 and E7 in cervical carcinogenesis. In these mice, the ORF of E6/E7 is placed under the control of the human keratin promoter (K14) and directed to express E7 oncoproteins in the squamous epithelia, resembling a natural infection (Herber et al. 1996) . This animal model developed ERα-dependent CC upon treatment with subcutaneous implants of physiological levels of slow-release oestrogen tablets. In a study, K14E6/E7 transgenic mice were treated with oestrogen pellets for 9 months and developed cervical tumours with increased size compared to tumours that developed after 6 months of oestrogen treatment. When the oestrogen treatment was ceased for 3 months after an initial treatment of 6 months, the animal model developed significantly fewer, smaller and less aggressive tumours compared to animals treated for the complete 9 months. This study concluded that oestrogens play a critical role in the initiation, persistence and continued development of CC (Brake & Lambert 2005) . It was also shown that the cervical tumours that arise in K14E6/E7 transgenic mice could be prevented by treatment with ICI 182,780 and raloxifene (Chung & Lambert 2009 ).
Interestingly, a group developed K14E7/ERα−/−-knockout mouse by crossing K14E6/E7 mice with ERα−/−-knockout mice. The resulting K14E7/ERα−/− mice failed to develop either cervical dysplasia or CC upon exogenous oestrogen treatment. None of the non-transgenic ERα−/− and ERα+/+ mice developed tumours, thereby indicating an important role for ERα at an early stage of cervical carcinogenesis (Chung et al. 2008) . A study by Son and coworkers crossed a knock-in mouse model containing a mutant DNA-binding domain (Jakacka et al. 2002) with the K14E6/E7 transgenic mice. The resulting K14E6/E7 mouse line expressed a mutant DNA-binding domain in one of the alleles. Upon chronic oestrogen exposure, the mutant DNA-binding domain failed to bind to EREs and did not support oestrogen-induced epithelial cell proliferation and carcinogenesis. The study concluded that the ERα classical pathway is required for cervical carcinogenesis, and oestrogens may fail to cause CC in the absence of ERE (Son et al. 2014) . The finding that oestrogens can provoke cervical tumours in HPV 16 K14E6/E7 transgenic mice is also consistent with other animal models such as HPV 18 URR E6/E7 transgenic mice (Park et al. 2003) and K14 HPV 16 transgenic mice, harbouring the entire HPV 16 early region under the control of the human keratin-K14 promoter (Elson et al. 2000) .
Using the transgenic mouse with HPV-18-LCR-lacZ, which harbours the beta-galactosidase reporter gene under the control of the LCR promoter, exogenous administration of oestrogen and progesterone has been shown to effectively induce the expression of the transgene marker, mirroring LCR transcription. The LCR is known to drive HPV E6 and E7 transcription (GarciaCarranca et al. 1988) . In addition, LCR-dependent transcription is specifically repressed with oestrogen and progesterone antagonists, indicating that the LCR may contain responsive elements sensitive to oestrogens (Morales-Peza et al. 2002) . The strongest evidence for the role of oestrogen-ERα signalling in CC has been obtained from studies with HPV transgenic mice. This correlates well with the epidemiological data (Moreno et al. 2002 , Muñoz et al. 2002 , Marks et al. 2011 , Liao et al. 2012 , Roura et al. 2016 , which indicate that long-term use of 24:4 oral contraception and multiple pregnancies significantly increase the risk for CC in HPV-positive women.
Studies using clinical specimens indicate a differential ERα expression pattern in the tumour epithelium
Numerous studies with animal models have indicated that ERα is required for the development of atypical squamous metaplasia, which has been proposed to be the first step of cervical carcinogenesis, before the development of CINs (mild, moderate and severe dysplasia). CIN I (mild) is a low-grade dysplasia. CIN II and III (moderate and severe dysplasia) are high-grade precancerous cervical lesions, which may progress to CC (http://screening.iarc.fr/doc/ colpochapter02.pdf, Chung et al. 2008 , Chung & lambert 2009 ). In clinical studies, contradictory findings were reported with regard to the relationship between ERα expression and CC. In one instance, ERα and the progesterone receptor (PR) were found to be overexpressed in cervical adenocarcinoma. However, their expression did not demonstrate any prognostic significance (Bodner et al. 2010) . Studies with patient-derived CC tissue samples have indicated a high expression of both ERα and PR in the normal epithelium of the transformation zone compared to the ectocervical epithelium in women of fertile age (Remoue et al. 2003) . Positive ERα expression correlated with improved prognostic significance in CIN III lesions, and it has been suggested to serve as a useful marker in identifying a subset of patients with CIN III that have a low-risk for cancer progression, irrespective of the patient's age and HPV status (Fonseca-Moutinho et al. 2004) . In another study, surgical tissue specimens collected from cervical carcinoma patients exhibited ERα (41%) and PR (30%) positivity. However, ERα expression did not correlate with survival time, whereas PR showed a weak correlation with survival time (Hunter et al. 1987 ). Masood and coworkers demonstrated ERα (30%) and PR (35%) positivity in adenocarcinoma specimens, and this positive expression status correlated with prolonged patient survival (Masood et al. 1993) . Contrary to the above statement, the loss of ERα expression was established as an early alteration during the progression of cervical dysplasia to invasive carcinoma (Nonogaki et al. 1990 , Konishi et al. 1991 , Coelho et al. 2004 , Zhai et al. 2010 , López-Romero et al. 2013 , Nikolaou et al. 2014 . The majority of the basal cells in normal cervical tissue stained positive for ERα, whereas the percentage of ERα expression was decreased in CIN and squamous cervical carcinoma to 31% and 11%, respectively (Nikolaou et al. 2014) . In contrast, PR expression tends to increase alongside CC progression with 29% for CIN and 49% for CIN and squamous cervical carcinoma. Indeed, Coelho and coworkers (Coelho et al. 2004 ) observed around 21% of cervical tumour biopsies to be ERα positive in the tumour epithelium. However, around 50% ERα positivity was observed in the epithelium of the adjacent normal cervical tissue. Alternatively, PR expression was not detected in either a normal or tumour epithelium of any case studied. Coelho and coworkers concluded that the propensity of ERα distribution in normal tissue to be opposite that of lesions and underlined the importance of viral factors that affect the expression patterns of steroid receptors (Coelho et al. 2004) . In a study, 93.7% ERα expression was detected in the epithelium of normal cervical tissues but not in invasive cervical carcinomas (0%) (López-Romero et al. 2013) . This study concluded that the loss of ERα could have occurred, either due to post-transcriptional or post-translational regulation, given that ERα mRNA transcripts were detectable in both human normal and tumour tissues (López-Romero et al. 2013 ). Nonogaki and coworkers (Nonogaki et al. 1990) suggested that the specific HPV subtype of 16/18 could be responsible for ERα loss in CIN and invasive cervical carcinoma. Zhai and coworkers (Zhai et al. 2010 ) have also observed a loss of ERα expression during CC progression starting from CIN I and CIN II/III and continuing to invasive squamous cell carcinoma with 50, 15 and 3.7% ERα positivity, respectively. In normal cervical tissue, Zhai and coworkers have observed 77% of ERα positivity, which is in line with the pattern observed by Coelho and coworkers (Coelho et al. 2004 ). Zhai and coworkers have also noted that there is no correlation between HPV status or HPV type with the loss of ER expression, which is contrary to Nonogaki and coworkers. Experiments with clinical tissue specimens have demonstrated that ERα is intact in the normal squamous cervical epithelium. However, it appears that after successful tumour initiation, epithelial ERα is no longer a requirement, and expression is lost during the progression to CINs and invasive carcinoma, suggesting a tumour-suppressive role for epithelial ERα in cervical carcinogenesis (Zhai et al. 2010 , López-Romero et al. 2013 , Nikolaou et al. 2014 . Thus, only in vivo studies provide strong evidence regarding the continued expression of ERα to support the initiation and progression of CC (Chung & Lambert 2009 ). However, it is worth noting that there is a paucity of recent data as well as inconsistencies related to sample size, HPV status, HPV subtype, histological grading of tumours and disease stage. Hence, ERα expression appears to be retained only in the normal cervical epithelium, but ERα stability during CC progression remains inconclusive.
Maintenance of ERα expression in tumour stroma
ERα is expressed in the normal cervical epithelium and expression continues to decline during the various phases of CC progression (Nonogaki et al. 1990 , Konishi et al. 1991 , Coelho et al. 2004 , Zhai et al. 2010 , López-Romero et al. 2013 , Nikolaou et al. 2014 . In contrast to this trend, stromal ERα is expressed in both normal and cervical tumour tissues (Mosny et al. 1989 , Nonogaki et al. 1990 , Coelho et al. 2004 , López-Romero et al. 2013 ). Mosny and coworkers observed menstrual cycle-dependent changes in ERα concentration in the squamous epithelium of the uterine ectocervix, whereas invasive carcinomas were ERα negative. In normal, CIN and invasive squamous carcinomas of the uterine cervix, more than 50% of stromal cells were positive for ERα. The level of stromal ERα was not influenced by the menstrual cycle. In addition, stroma in the normal cervix and CIN exhibited high positivity for PR (Mosny et al. 1989) . López-Romero and coworkers (López-Romero et al. 2013) observed 93.7% ERα positivity in stromal cells of the normal cervix. However, this study did not detail stromal ERα expression in CC specimens. Identical stromal ERα expression was observed in both the tumour and normal cervix at around 20.8-25%. Similar findings were noted for PR expression in the stroma of normal and tumour tissue regardless of HPV status (Coelho et al. 2004 ). Nonogaki and coworkers (Nonogaki et al. 1990) clearly indicated the presence of ERα-positive stromal cells surrounding the ERα-negative tumour cells.
Chung and coworkers (Chung et al. 2008 ) compared ERα expression in both 17β-oestradiol-treated K14E6/ E7 transgenic mice and human CC specimens. K14E6/ E7 transgenic mice developed tumours upon oestrogen treatment. Immunohistochemical analyses of mouse tumours revealed that 94% of cancer cells and 57% of stromal cells surrounding the cancers were positive for ERα. As observed in the animal study, ERα was also expressed in human CC and the adjacent normal epithelia, as well as the surrounding stroma irrespective of HPV status (Chung et al. 2008) .
The same group, using K14E7 transgenic mice, has demonstrated that stromal ERα signalling could trigger paracrine mechanisms, which are necessary for HPV-induced oestrogen-dependent cervical carcinogenesis. In this study, the mouse model with the E7 oncogene, under control of the human keratin 14 promoter, was made to express the E7 oncoprotein in the stratified squamous epithelia and engineered to express tamoxifen-inducible Cre recombinase, which can selectively delete ERα in the tumour stroma. Stromal ERα in this mouse model was temporally deleted with tamoxifen after 6 months of continuous oestrogen treatment. This deletion of ERα induced complete regression of cervical dysplasia, suggesting the importance of stromal ERα and its paracrine signalling mechanism in supporting tumour growth (Chung et al. 2013) .
A recent study conducted with fresh human cervical tissue specimens (den Boon et al. 2015) has substantiated the findings of Chung and coworkers (Chung et al. 2013) . ERα expression was observed to decline both at the mRNA and protein levels in the epithelium of normal cervical tissue, CINs and CC. However, ERα expression was maintained within the stromal compartment and became elevated throughout CC development. The authors concluded that, in spite of the decline of ERα in the tumour epithelium, the release of paracrine signalling pathways mediated through ERα from tumour-associated stromal fibroblasts might encourage CC progression (den Boon et al. 2015) .
In another study, ex vivo CC-associated fibroblasts were isolated from human CC stroma and found to retain ERα expression. Cervical cancer-associated fibroblasts under the control of ERα signalling exhibited properties of promoting tumour growth by supporting cell proliferation, angiogenesis, metabolism, epithelialto-mesenchymal transition, epithelial cell migration and inflammation (Kumar et al. 2016 ). Kwasniewska and coworkers reported a strong expression of ERα and PR in the stromal compartment of human CC specimens. Conversely, expression of both ERα and PR was decreased to undetectable levels in the tumour epithelium (Kwasniewska et al. 2011) .
Unlike epithelial ERα that diminishes during CC progression (Nonogaki et al. 1990 , Konishi et al. 1991 , Coelho et al. 2004 , Zhai et al. 2010 , Nikolaou et al. 2014 , den Boon et al. 2015 , stromal ERα continues to persist during the course of CC progression (den Boon et al. 2015) . Findings from both in vivo studies and experiments conducted with clinical specimens appear to be very consistent. Therefore, this evidence indicates the significance of stromal ERα and its crucial role in supporting cervical carcinogenesis. However, the exact 24:4 mechanistic pathway of stromal ERα during the course of CC still needs to be deciphered. The role of stromal ERα in CC (Chung et al. 2013 , den Boon et al. 2015 and its importance in general cancer progression has only recently gained prominence (Yamaguchi & Sakai 2015) . If the role of stromal ERα in CC is significant, targeting stromal ERα would be an excellent strategy to treat hormone-dependent CC.
SERMs as potential therapeutic options
The feasibility of selective estrogen receptor modulators (SERMs) as a therapeutic option in CC was studied only at the empirical level and has not been widely explored in a clinical setting. The anti-oestrogen raloxifene inhibited oestradiol-triggered transcription of HPV 16 E6/ E7 and suppressed the cell growth kinetics of CasKi cell lines . In a K14E6/E7 transgenic mouse model of HPV-induced CC, E6 and E7 oncoproteins were expressed in squamous epithelia under the control of the keratin promoter (K14), resembling a natural infection. These tumours retained functional ERα and responded to raloxifene and ICI 182,780 treatment. In addition, continuous treatment of mice with raloxifene prevented the reoccurrence of the disease compared to mice for whom the raloxifene treatment had been withdrawn (Chung & Lambert 2009 , Spurgeon et al. 2014 ).
Kumar and coworkers characterised CC-associated fibroblasts from early-to late-stage disease and performed ex vivo cell culture experiments. Subsequent to treatment with ICI 182,780 and methyl piperidino pyrazole, transcriptomic profiling of cultured samples revealed that these ERα inhibitors modulated the function of CC-associated stromal fibroblasts by downregulating genes associated with cell cycle, metabolism, angiogenesis and cancer progression. Stromal ERα target genes such as INPP4B, ESPL1, ORC1L, SERPINE1, SHC4 and MAP2K1 were consistently downregulated by both ER antagonists. This study emphasised the probable importance of SERMs to regulate stromal ERα signalling in CC (Kumar et al. 2016) . To date, the majority of the information related to the possible utility of SERMs was obtained solely through in vitro and in vivo studies. The effectiveness of SERMs as therapeutics in CC is uncertain because of the lack of clinical evidence.
Conclusion
Accumulating evidence indicates the involvement of a synergistic combination between HPV infection status and a repeated surge of systemic increases in endogenous and exogenous oestrogens in the development of hormonedependent CC (Moreno et al. 2002 , Muñoz et al. 2002 , Marks et al. 2011 , Liao et al. 2012 , Roura et al. 2016 . This association has been particularly well demonstrated in animal models (Herber et al. 1996 , Brake & Lambert 2005 , Chung et al. 2008 , Chung & lambert 2009 ). The results obtained in studies with clinical specimens that pertain to the apparent gain or loss of ERα expression at various stages of disease progression needs further consideration. It is important to appreciate the dynamics of ERα expression, activation and interplay between epithelial and stromal ERα (Cunha et al. 2004 , Yao et al. 2009 , Rando et al. 2010 to exert control over the entire process of tumorigenesis. ERα has been known to show a spatio-temporal oscillatory pattern of activation, regardless of oestrogens or SERMs (Della Torre et al. 2011 , Villa et al. 2012 . Therefore, ERα expression in CC could possibly be a temporal event. Contradictory observations regarding the presence or absence of ERα by different reports could be because of sampling in a snapshot of time window, during the entire duration of the disease, which involves varying degrees of amplitude, potency, type of oestrogen exposure, period of treatment and tissuespecific activation of different oestrogens (Rando et al. 2010) . ERα supporting CC during the time of initiation of carcinogenic events indicate that ERα antagonists are a good therapeutic option at the onset of cervical carcinogenesis or the late maintenance of stromal ERα, which needs to be targeted with a suitable SERM inhibitor. Although studies with animal models have demonstrated that SERMs are good candidates for treatment of CC, the current SERMs yielded inconclusive results (Chung et al. 2010 , Castle 2011 , Munger 2014 ) that limit their use because of a lack of evidence from controlled clinical trials. Hence, the efficacy and acceptance of SERMs as a therapeutic option in the precancer or invasive cervical carcinoma is largely unpredictable. Moreover, the practical feasibility of offering successful treatment by interfering with the synergistic function of oestrogens and HPV is largely unknown and needs to be studied further.
Next, it is important to note that most experimental studies were conducted using either HPV 16 or 18 sequences. This is due to the reason that HPV 16 and 18 are significantly established types and are responsible for causing 70% of CC (http://www.who.int/mediacentre/ factsheets/fs380/en/). Studies with information related to the synergistic action of oestrogens linking with various high-risk HPV subtypes are yet to be evaluated.
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Additionally, there is no information available on the comparative considerations regarding the LCR of different HPV subtypes, other than the predominant HPVs (subtype 16 and 18) and the potential presence of oestrogen-binding sites. Availability of such data in the future may explain the functional relevance of interactions between oestrogens and specific HPV infection subtypes. Greater understanding of these interactions could help estimate the associated risk of developing CC. Few reports support the presence of partial or imperfect palindromes of responsive elements representing GREs and EREs (Garcia-Carranca et al. 1988 , Mitrani-Rosenbaum et al. 1989 , Chen et al. 1996 , MoralesPeza et al. 2002 , Burk et al. 2003 , Moodley et al. 2003 , Baldwin et al. 2006 , López-Saavedra et al. 2009 ). However, these palindromes are only putative hormone-responsive element-like sequences. Although it can be presumed that cellular factors could bind to these sites for transactivating viral gene transcription, the continuity of recent data is lacking. Hence, it is difficult to predict the functional involvement of these responsive elements in the development of oestrogen-induced CC.
Based on the available literature (Park et al. 2003 , de Villiers 2003 , Brake & Lambert 2005 , Chung & lambert 2009 , Son et al. 2014 , Spurgeon et al. 2014 , Matos et al. 2016 , there is a possibility that oestrogen might increase the level of E6/E7 mRNA. However, further evaluation is required. Alternatively, increase in HPV gene expression during the development of CC might also occur through an ER-independent mechanism or by altering the overall transcriptional machinery of HPV-infected cells and stimulating uncontrolled cellular proliferation.
Presently, it can be speculated that continued expression of ERα during the progression of CC is no longer a requirement in the tumour epithelium, and there is a shift in the ERα localisation from epithelial to stromal cells. The role of the continued presence of ERα in the tumour stroma in CC is only now gaining importance (den Boon et al. 2015) . The exact mechanistic pathway used by stromal ERα to exert control over CC progression and its validity as a therapeutic target still need to be elucidated. It is vital to gain further insight into the functional molecular pathways involved between oestrogens, ERα and HPV oncogenes. Therefore, additional research in this field is warranted.
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